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USE OF p-LACTAMASE INHIBITORS AS NEUROPROTECTANTS 

FIELD OF THE INVENTION 

This invention relates to a new use of inhibitors of bacterial P- 
5 lactamases. More particularly, this invention is directed to the use of p-lactamase 
inhibitors for preventing or reducing neuronal damage in patients suffering from or 
susceptible to disease states characterized by loss of neuronal cells or loss of neuronal 
cell function. 



10 BACKGROUND OF THE INVENTION 

Over excitation of NMDA receptor channel complexes on post- 
synaptic neurons following excessive release of glutamic acid from synaptozones and 
glial cells results in massive calcium ion influx into neuronal cells leading to their 
death. This is believed to occur under conditions such as stroke, hypoglycemia, 

15 cardiac arrest, and other hypoxic or ischemic processes, including, for example, neural 
trauma, and perinatal asphyxia. Other conditions known to result in or from loss of 
neuronal cells or loss of neuronal ftinction include seizure activity such as that 
associated with epilepsy, amyliotrophic lateral sclerosis (ALS), Alzheimer's disease, 
Huntington's disease, Parkinsonism and dementia such as multi-infarct dementia, 

20 vascular dementia, and neurodegenerative dementia. Other conditions known to 
result in loss of neuronal cells or loss of neuronal cell function are those generally 
characterized as secondary neurodegenerative disease of typically metabolic or toxic 
origin. While significant progress has been made in developing therapeutics for 
treatment or prevention of such neurodegenerative conditions or disease states, there 

25 still exists significant need for the development of alternative therapies for treatment 
of patients afflicted with such conditions. 



SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a surprisingly effective 
30 neuroprotective therapy. It is based on the discovery that compound capable of 
inhibiting the activity of bacterial P-lactamases (/.e., P-lactamase inhibitors) is, as 
well, a powerful neuroprotective agent. The invention thus provides a method for 
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preventing neuronal damage or the progression of neuronal damage in a patient 
suffering from or susceptible to said damage, characterized generally as a loss of 
neuronal cells or a loss of neuronal cell fimction, such as that secondary to the 
occurrence of strokes, seizures, neural trauma, and a multiplicity of neuro- 
5 degenerative disease states of widely variant etiology. 

In another embodiment of the invention there is provided a 
neuroprotective pharmaceutical composition and a method for manufacturing same 
using a p-lactamase inhibitor as the active ingredient. Such pharmaceutical 
compositions can be formulated in unit dosage forms adapted for patient delivery by a 
10 wide variety of routes of administration including, but not limited to, oral ingestion, 
buccal, sublingual, parenteral, transdermal and rectal routes of administration. In one 
embodiment the dosage forms are formulated for controlled release of the p-lactamase 
inhibitor. 



1 5 DETAILED DESCRIPTION OF THE INVENTION 

This invention provides a method for the treatment of a patient 
suffering from or susceptible to a condition known to result in loss of neuronal cells 
or loss of neuronal cell function. It comprises the step of administering to a patient in 
need of such treatment a neuroprotective amount of a bacterial p-lactamase inhibitor. 

20 The method is effective to reduce loss of neuronal cells or neuronal cell function 
resulting from the patient condition. The method effectively prevents neuronal 
damage or the progression of neuronal damage in patients suffering from or 
susceptible to disease states causing such neuronal damage. It has been reported that 
blocking the neurogenic enzyme N-acetylated-a-linked acidic dipeptidases 

25 (NAALADases) in the brain reduces ischemic brain injury. Blocking NAALADase 
reduces high levels of glutamate that follow, for example, ischemic stroke, protecting 
the brain from the neurotoxic effects of high glutamate levels in neuro-tissues. It has 
been discovered that clavulanic acid, a recognized p-lactamase inhibitor, also is a 
potent inhibitor of NAALADase. Based on that initial discovery, and a subsequent 

30 comparison of the putative active sites of so-called "serine" p-lactamases (Class A, C 
and D), and conserved amino acid sequence for rat and human NAALADase, it was 
determined that there is an ahnost perfect overlap of the putative active sites of serine 



wo 02/063954 



PCT/US02/04261 



p-lactamases and key sequences of NAALADase. Since P-lactamase inhibitors are 
believed to inhibit p-lactamase activity by binding to the P-lactamase to alter or block 
the putative four active site motif on P-lactamase, one can infer that the similarity in 
active site sequence and location would confer similar binding properties of other 
5 known p-lactamase inhibitors to NAALADase or be a molecular signature of an 
enzyme derived Jfrom P-lactamase, such as NAALADase, which may bind inhibitors 
by some other modified active site motif 

There are many compounds that are reported in the literature to exhibit 
the capacity to inhibit bacterial P-lactamase activity. Such is typically measxired by 

10 the compound's ability to inhibit the rate of hydrolysis of a penicillin or cephalosporin 
substrate by 50%, either with or without preincubation. Techniques for assessing or 
assaying P-lactamase inhibition are well known in the art. 

Most known P-lactamase inhibitors are compounds which themselves 
comprise a p-lactamase ring structure. Both the patent and non-patent art are replete 

1 5 with reference to such compounds, their preparation, and their mechanism of action. 
Inhibition of bacterial P-lactamase can occur either by an irreversible mechanism or 
via a reversible mechanism involving a transient inhibited intermediate in which the 
P-lactamase inhibitor binds to and thus blocks the active site on the P-lactamase 
molecule, p-lactamases can be inhibited irreversibly by a p-lactamase inhibitor which 

20 competitively or preferentially binds to the active site on the P-lactamase molecule 
where it effectively acylates the p-lactamase as a first step in deactivating the enzyme. 

Exemplary of known P-lactamase inhibitors in commercial use are 
clavulanic acid, sulbactam, and tazobactam. Other known p-lactamase inhibitors 
include derivatives or analogs of clavulanic acid including deoxyclavulanic acid, 

25 isoclavulanic acid, 9-deoxyclavulanic acid, 9-amino deoxyclavulanic acid, and other 
clavulanic acid derivatives such as those wherein the 9-hydroxy group has been 
chemically modified (e.g. as an acetate, n-methyl carbamate, methyl ether, benzyl 
ether, or thiomethyl ether). Sulbactam has been used to prepare prodrugs, for 
example, sultamacillin which is absorbed firom the gastrointestinal tract and then 

30 hydrolyzed into sulbactam and ampicillin. Other known P-lactam containing 

compounds known to possess P-lactamase inhibitor properties include olivanic acids 
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and thienamycin of the carbapenem family of novel naturally occurring P-lactam 
antibiotics. 

One preferred P-lactamase inhibitor for use in accordance with the 
present invention is clavulanic acid. It has only weak, though broad spectrum 
5 antibacterial activity, and it has a long record of safe use as a p-lactamase inhibitor in 
commercially available combinations with amoxycillin and ticarcillin. Moreover, it 
exhibits good oral adsorption and transport across the blood-brain barrier into the 
cerebral spinal fluid, p-lactamase inhibitors can be administered in accordance with 
this invention as their pharmaceutically acceptable salts or as bioactive esters which 

10 hydrolyze to provide therapeutic concentrations of the p-lactamase inhibitor upon 
patient administration. 

A p-lactamase inhibitors is used in accordance with the present 
invention in a method of treatment of a patient suffering from or susceptible to a 
condition known to result in a loss of neuronal cells or loss of neuronal cell function. 

15 Thus it can be used to prevent such disease, disorder or condition from occurring in an 
animal or patient that may be susceptible to the disease, or disposed to develop the 
disease, but has not yet been diagnosed as having the disease or has not yet developed 
symptoms of the disease. More typically it is used to treat patients to relieve 
symptoms or cause regression of the disease or condition after its occurrence. 

20 Conditions known to result in loss of neuronal cells or loss of neuronal cell function 
include conditions such as stroke, hypoglycemia, cardiac arrest, or by other hypoxic 
or ischemic processes, including, for example, neural trauma or accident and perinatal 
asphyxia. Other conditions known to result in or from loss of neuronal cells or loss of 
neuronal function include seizure activity, such as that associated with epilepsy, ALS, 

25 Alzheimer's disease, Huntington's disease. Parkinsonism, and various forms of 

dementia such as multi-infarct dementia, vascular dementia, and neurodegenerative 
dementia. Loss of neiuronal cells or loss of neuronal cell frinction can also derive 
from conditions generally characterized as secondary neurodegenerative diseases, 
typically of metabolic or toxic origin. Patients can be treated in accordance with this 

30 invention responsive to observation of such disease states, or patients to prevent loss 
of neuronal cells or loss of neuronal cell function in patients disposed to or susceptible 
to develop conditions known to affect neuronal cells. 
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"Nenronal cells" as used herein refer to those cells that make up the 
nervous system including, for example, neurons, neural support cells, glia, Schwann 
cells, cells comprising the vasculature contained vdthin and supplying such cells 
within the central nervous system including the brain, the brain stem, the spinal cord, 
5 and the peripheral nervous system. 

"Neuroprotective" as used in describing and defining the present 
invention refers to the effect of preventing, arresting or ameliorating damage to 
neuronal cells in patients afflicted with conditions known to affect such cells. The 
term also refers to the capacity or function to protect and/or revive cells which have 

10 suffered damage or which are or have been exposed to cell damaging conditions. 

Effective dosages of the P-lactamase inhibitors when used in 
accordance with the method of this invention depends on patient condition and the 
method of administration. Animal tests indicate that clavulanic acid is an effective 
neuroprotectant when administered intraperitoneally at a dose of about 1 |ig/kg to 

15 about 50 ^g/kg. "Parenteral doses of p-lactamase inhibitors when used in accordance " 
with this invention range from about .02 to about 20 mg/kg. Oral dosage levels are 
typically higher, ranging from about .1 mg/kg to about 50 mg/kg. The dosage levels 
can be adjusted higher or lower by the attending physician depending on patient 
condition and the observed clinical response to the initial dosage. Treatment in 

20 accordance with this invention typically includes one to four daily doses of p- 

lactamase inhibitor. Formulation of the inhibitor into controlled release dosage forms 
(either for parenteral or oral use) enables effective once or twice a day dosage 
protocols. 

The P-lactamase inhibitor treatment can be administered in the method 
25 of the present invention orally, parenterally, by inhalation spray, topically, rectally, 
nasally, bucally, vaginally or via an implanted reservoir in a dosage fomiulation 
containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants and 
vehicles. Oral administration is preferred, however parenteral administration may be 
considered more appropriate/effective where the patient condition is acute. 
30 Administration of the P-lactamase inhibitor is typically continued until patient 

condition is normalized or until a patient is determine to be no longer susceptible to or 
disposed to developing or redeveloping the neuro-degenerative condition. Dosage 
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administration can be continued using the same or attenuated dosage protocol for 
prophylaxis of the patient condition. 

In another embodiment of the present invention there is provided a 
neuroprotective pharmaceutical composition consisting essentially of a 

5 neuroprotective amount of a P-lactamase inhibitor and a pharmaceutically acceptable 
carrier therefor. In one embodiment the pharmaceutical composition is prepared in a 
unit dosage form, for example, a tablet, capsule or caplet for oral dosage form. 

In accordance with one embodiment of this invention there is provided 
a method of manufacturing a pharmaceutical composition useful for preventing 

10 neuronal damage or the progression of neuronal damage in a patient suffering from or 
susceptible to such damage. The method comprises the step of preparing a 
pharmaceutical mixture consisting essentially of a P-lactamase inhibitor and a 
pharmaceutical acceptable carrier. Portions of the mixture are then used to prepare 
unit dosage forms containing a neuroprotective amount of the p-lactamase inhibitor. 

15 The component p-lactaniase inhibitor can be in acid or pharmaceutically "acceptable 
salt form or, for example, as a biodegradable ester. 

Examples of suitable in vivo hydrolysable (active) ester groups 
include, for example, acyloxyalkyl groups such as acetoxymethyl, pivaloyloxymethyl, 
P-acetoxyethyl, P-pivaloyloxyethyl, l-(cyclohexylcarboonyloxy) prop-l-yl, and(l - 

20 aminoethyl) carbonyloxymethyl; alkoxycarbonyloxyalkyl groups, such as 

ethoxycarbonyloxymethyl and alpha-ethoxycarbonyloxyethyl; dialkylaminoalkyl 
groups, such as ethoxycarbonyloxymethyl and P-ethoxycarbonyloxyethyl; 
dialkylaminoalkyl especially di-lower alkylamino alkyl groups such as 
dimethylaminomethyl, dimethylaminoethyl, diethylaminomethyl or 

25 diethylaminoethyl:2-(alkoxycarbonyl)-2-alkenyl groups such as 2- 

(isobutoxycarbonyl) pent-2-enyl and 2-(ethoxycarbonyl)but-2-enyl; lactone groups 
such as phthalidyl and dimethoxyphthalidyl; and esters linked to a second P^lactam 
antibiotic or to a P-lactamase inhibitor. 

Suitable pharmaceutically acceptable salts of p-lactamase inhibitors 

30 used as neuroprotectants in this invention include metal salts, e.g. aluminum, alkali 
metal salts such as sodium or potassium, alkaline earth metal salts such as calcium or 
magnesium, and anunonium or substituted ammonium salts, for example those with 
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lower alkylamines such as triethylamine, hydroxy-lower alkylamines such as 2- 
hydroxyethylamine, bis-(2-hydroxyethyl)amine or tris-(2-hydroxyethyl)amine, 
cycloalkylamines such as dicyclohexylamine, or with procaine, dibenzylamine, N,N- 
dibenzylethylenediamine, 1-ephenamine, N-methylmorpholine, N-ethylpiperidine, 

5 N-benzyl-P-phenethylamine, dehydroabietylamine, N,N'-bisdehydro-abietylainine, 
ethylenediamine, or bases of the pyridine type such as pyridine, collidine or quinoline, 
or other amines which have been used to form salts with known penicillins and 
cephalosporins. Other useful salts include the lithium salt and silver salt. 

The amount of P-lactamase inhibitor used to form the pharmaceutical 

10 composition is that amount effective to provide upon delivery by the intended route of 
administration, a neuroprotective concentration of the inhibitor in the neuronal tissue 
where protection is desired. Parenteral dosage forms typically can contain about 0.5 
to about 50 mg/dose or 2- to 3-fold that amount when formulated in a controleld 
release parenteral dosage form, while oral dosage forms can typically contain about 1 

15 to about 200 mg of p-lactamase inhibitor. Neuroprotective amounts of P-lactamase 
inhibitors in other dosage forms can be determined by routine experimentation based 
inter alia on absorption efficiency and rate of absorption of the p-lactamase inhibitor 
by such routes of administration. 

p-lactamase inhibitors for use in accordance with this invention can 

20 thus be combined with one or more pharmaceutically acceptable carriers and may be 
administered, for example, orally in such forais as tablets, capsules, caplets, 
dispersible powders, granules, lozenges, mucosal patches, sachets, and the like. In 
such formulations a P-lactamase inhibitors is combined with a pharmaceutically 
acceptable carrier, for example starch, lactose or trehalose, alone or in combination 

25 with one or more formulation excipients and pressed into tablets or lozenges or filled 
into capsules. Optionally, dosage forms intended for oral ingestion administration 
such as tablets, caplets or capsules can be enterically coated to minimize 
hydrolysis/degradation in the stomach. In another embodiment the dosage form is 
formulated for oral administration, and is formed as a prolonged release dosage form 

30 using art-recognized formulation techniques for release the P-lactamase inhibitor over 
a predetermined period of time. 
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Topical dosage forms, including transdermal patches, intranasal and 
suppository dosage unit formulations containing the p-lactamase inhibitor and 
conventional non-toxic pharmaceutically acceptable carriers, adjuvants and vehicles 
adapted for such routes of administration can also be used in the present 
5 neuroprotective method. 

The pharmaceutical compositions suitable for injectable use in 
accordance with ths invention include sterile aqueous solutions or dispersions and 
sterile powders or lyopholysates for the extemporaneous preparation of sterile 
injectable solutions or dispersions. The dosage forms must be sterile and it must be 
10 stable under the conditions of manufacture and storage. The carrier for injectable 
formulations is typically water but can also include ethanol, a polyol (for example, 
glycerol, propylene glycol and liquid polyethylene glycol), mixtures thereof, and 
vegetable oil. 

Parenteral dosage forais useful in accordance with the present 
15 invention can also be formulated as injectable prolonged release formulations in 
which the p-lactamase inhibitor is combined with one or more natural or synthetic 
biodegradable or biodispersible polymers such as carbohydrates, including starches, 
gums and etherified or esterified cellulosic derivatives, polyethers, polyesters, 
polyvinyl alcohols, gelatins, or alginates. Such dosage formulations can be prepared 
20 for example in the form of microsphere suspensions, gels, or shaped polymer matrix 
implants that are well-known in the art for their function as "depot-type" drug delivery 
systems that provide prolonged release of the biologically active components. Such 
compositions can be prepared using art-recognized formulation techniques and 
designed for any of a wide variety of drug release profiles. 

25 

CLAVULANIC ACID - TEST FOR NEUROPROTECTIVE ACTIVITY 

N-Acetylaspartylglutamate (NAAG) is an abundant brain dipeptide 
present in synaptic vesicles and released upon neuronal stimulation. 
Immunohistochemical studies show NAAG is localized to glutamatergic pathways 
30 and suggest both NAAG and glutamate may be co-released under certain 

physiological conditions. NAAG functions, in part, to antagonize the effects of 
glutamate at the N-methyl-D-aspartate (NMDA) receptor by acting as a weak agonist. 
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following release NAAG is hydrolyzed by membrane bound NAALADase liberating 
glutamate. Under pathological conditions of ischemia and seizure NAALADase 
generated glutamate exacerbates neuronal injury. It has been reported that blocking 
NAALADase reduces ischemic brain injury. Blocking NAALADase reduces the high 
5 levels of glutamate that follow ischemic stroke, protecting the brain from the 
neurotoxic effects of this excitatory neurotransmitter. To test the neuroprotective 
activity of clavulanic acid (CLAV) animals were treated with the neurotoxin kainate. 
Kainate stimulates glutamate receptors triggering generalized seizure and destruction 
of neurons particularly those localized to area CA3 of the hippocampus. 

10 

Experimental Procedure 

Sixteen mail Sprague Dawley rats weighing between 300-350 gm were 
tested. One hour prior to kainate treatment eight animals were treated with clavulanic 
acid salt (CLAV) at an IP dose of 1 jig/kg while the remaining eight were given saline 

15 vehicle. Kainate was given IP at a dose of 25 mg/kg. Over the next 60 minutes 
animals were observed for seizure activity. The first 10 minutes of this observation 
period was videotaped. Sixty minutes post kainate treatment animals were given 
another IP injection of CLAV or saline vehicle. Animals that survived kainate 
treatment were sacrificed seven days later and their brains examined for histological 

20 changes in the hippocampus. Three untreated control animals of the same weight and 
age as the experimental animals were sacrificed and their hippocampal morphology 
used as a standard for comparison. 

Results 

25 There was an ostensible difference in seizure activity between 

treatments. Animals given CLAV showed a longer onset to seizure and diminished 
seizure activity as compared to controls given saline vehicle. Indeed, four of the 
vehicle animals died within 24 hours of kainate treatment. There were no fatalities in 
the CLAV treated group. Histological inspection of the hippocampus revealed a 

30 dramatic difference in neuronal survival in area CA3. CLAV treated animals appear 
to have normal neuronal morphology and numbers in CA3 as compared to untreated 
controls. 
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Summary 

The data demonstrate that CLAV is neuroprotective in the kainate 
seizure model. This finding supports the hypothesis that CLAV functions in part by 
blocking NAALADase. These compelling data predict that CLAV is useful to treat 
stroke, epilepsy, and other patient conditions presenting neuronal insult. 



Neuroprotective Formulations 


P-Iactamase inhibitor/dose (mg) 


Carrier 


Dosage Form 


L Clavulanic acid, potassium/30 


starch/maltose 


capsule 


n. Clavulanic acid, sodium/50 


microcrystalline 
cellulose/trehalose 


tablet 


m. Ta2obactam/75 


saline 


injectable 


IV. Tazobactam/125 


starch microspheres 


injectable 


V. Clavulanic acid, potassium/150 


saline 


injectable 


VL Sulbactain/200 


saline 


injectable 


Vn. Sulbactam/250 


polylactide 
microspheres 


injectable 



Patient Use 

(A) A patient is administered a dose of Formulation V above within 
20 1 .5 hours of suffering a stroke to reduce neuronal insult. 

(B) A patient susceptible to recurrent seizures is administered 
Formulation I above three times a day. 

(C) A patient with Parkinson's disease is administered Formulation 
V above twice a day to reduce neuronal degeneration. 

25 (D) Formulation VI is administered to a stroke victim within 2 

hours of the occurrence. Thereafter, Formulation VII is administered to the patient 
once a day for up to 3 weeks to minimize damage to neuronal tissues. 

(E) Formulation V is administered to a newborn following an 
incident of possible perinatal asphyxia to prevent or reduce neuronal damage. 



30 
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CLAIMS: 



1 . A method of treatment of a patient suffering from or 
susceptible to a condition known to result in loss of neuronal cells or loss of neuronal 

5 cell function, to reduce neuronal cell loss or function resulting from such condition, 
said method comprising the step of administering to said patient a neuroprotective 
amount of a bacterial P-Iactamase inhibitor. 

2. A method for preventing neuronal damage or the progression of 
neuronal damage in a patient suffering from or susceptible to disease states causing 

10 such neuronal damage, said method comprising the step of administering to the 
patient a neuroprotective amount of a bacterial p-lactamase inhibitor. 

3. A method of treatment of a patient suffering from or 
susceptible to a condition known to result in or from loss of neuronal cells or loss of 
neuronal cell function to reduce loss of neuronal cells or neuronal cell function 

15 resulting from such condition, said method comprising the step of administering to 
said patient a neuroprotective amount of clavulanic acid, a pharmaceutically 
acceptable salt thereof, or an active ester thereof. 

4. A method for preventing neuronal damage or the progression of 
neuronal damage in a patient suffering from or susceptible to such neuronal damage, 

20 said method comprising the step of administering to said patient a neuroprotective 
amount of clavulanic acid, a pharmaceutically acceptable salt thereof, or an active 
ester thereof 

5. A method of manufacturing a pharmaceutical composition 
useful for preventing neuronal damage or the progression of neuronal damage in a 

25 patient suffering from or susceptible to such damage, said method comprising the 
steps of preparing a pharmaceutical mixture consisting essentially of a bacterial p- 
lactamase inhibitors and a pharmaceutically acceptable carrier, and 

using portions of said mixture to prepare dosage forms containing a 
neuroprotective amount of said P-lactamase inhibitor. 

30 6. The method of claim 5 wherein the P-Iactamase inhibitor is a 

compound comprising a P-lactam ring structure. 
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7. The method of claim 5 wherein the unit dosage forai is an oral 

dosage fomi. 

8. The method of claim 5 wherein the unit dosage form is a 
parenteral dosage form. 

5 9. The method of claim 5 wherein the xmit dosage forai is a 

suppository. 

10. The method of claim 5 wherein the unit dosage form comprises 
a patch for transdermal delivery of the P-lactamase inhibitor. 

1 1 . The method of claim 5 wherein the unit dosage form is a 
10 lozenge for buccal or sublingual administration of the P-lactamase inhibitor. 

12. A method of manufacturing a pharmaceutical composition 
useful for preventing neuronal damage or the progression of neuronal damage in a 
patient suffering from or susceptible to such damage, said method comprising the 
steps of preparing a pharmaceutical mixture consisting essentially of clavulanic acid, 

15 or a pharmaceutically acceptable salt or ester form thereof 

13. The method of claim 12 wherein the unit dosage form is an oral 

dosage form. 

14. The method of claim 12 wherein the unit dosage form is a 
parenteral dosage form. 

20 15. The method of claim 12 wherein the unit dosage form is a 

suppository. 

16. The method of claim 12 wherein the unit dosage form 
comprises a patch for transdermal delivery of the clavulanic acid or pharmaceutically 
acceptable salt or ester thereof. 
25 17. The method of claim 12 wherein the unit dosage form is a 

lozenge for buccal or sublingual administration of the clavulanic acid or 
pharmaceutically acceptable salt or ester thereof 

1 8. The method of claim 5 wherein the pharmaceutically 
acceptable carrier is selected to provide controlled release of the p-lactamase inhibitor 
30 after administration of the dosage form. 



wo 02/063954 



PCT/US02/04261 



-13- 

19. The method of claim 5 wherein the pharaiaceutically 
acceptable carrier is selected to provide controlled release of the clavulanic acid, salt 
or ester after administration of the dosage form. 

20. A neuroprotective pharmaceutical composition consisting 
5 essentially of a neuroprotective amount of a p-lactamase inhibitor and a 

pharmaceutically acceptable carrier therefor. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




(43) International Publication Date (10) International Publication Number 

22 August 2002 (22.08.2002) pCT WO 02/063954 A3 



(51) International Patent Classification^: A61K 31/395, GM. HR, HU, ID, IL, IN. IS, JP, KE, KG, KP, KR, KZ, LC, 

31/43 LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW. 

MX, MZ, NO, NZ, OM, PH, PL, FT, RO, RU, SD, SE, SG, 

(21) International Application Number: PCT/US02/04261 ™» ™» ™» 

YU,ZA,ZM,ZW. 

(22) International Filing Date: 12 February 2002 (12.02.2002) . . ^ . / n ai^tw^ . . r>x^ 
^ * X y ^g^j Designated States (regional): ARIPO patent (GH, GM, 

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
(25) Filing Language: English Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 

European patent (AT. BE, CH, CY, DE, DK, ES, FI, FR, 
(2d) Publication Language: English GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 

(BP, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
(30) Priority Data: NE, SN. TD. TG). 

09/782,507 13 Februaiy 2001 (13.02.2001) US 

Declarations under Rule 417: 

V . in.«wT. . «r * - * ^ — OS to applicant 's entitlement to apply for and be granted a 

= USAJS]; P.O. Box 22476. Indianapohs. IN 46222-0476 _ "^asioLappluJu'sLtUmemiod^^^ 

earlier application (Rule 4. 1 7(iii)) for all designations 

^5 (72) Inventor: KOPPEL, Gary, A.; 7823 Sunset Lane, Indi- Published: 

= anapolis, IN 46260 (US). _ y^uh international search report 

(74) Agent: LAMMERT, Steven, R.; Barnes & Thomburg, 1 1 (88) Date of publication of the international search report: 
^= South Meridian Street, Indianapolis, IN 46204 (US). 5 December 2002 

=s (81) Designated States (national): AE, AG, AL, AM, AT, AU, For two-letter codes and other abbreviations, refer to the "Guid- 
AZ, B A, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, ance Notes on Codes and Abbreviations " appearing at the begin- 
^= CZ, DE, DK, DM, DZ. EC, EE. ES. FI. GB. GD, GE. GH, ning of each regular issue of the PCT Gazette. 



m 
as 

o 

(54) Title: USE OF p-LACTAMASE INHIBITORS AS NEUROPROTECTANTS 

^ (57) Abstract: Novel neuroprotectant compositions and methods are described. ^-Lactamaseinhibitors are used to prevent orreduce 
loss of neuronal cells and neuronal cell function in patients afflicted with or susceptible to disease states or conditions known to result 
^ in or cause neuronal tissue insult. 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCr/US0S/(H261 



A. CLASSIFICATION OF SUBJECT MATTER 

rPC(7) ;A6lK S1/S95, 31/43 
US CL :514/210.06. 192, 193, 210.10 
According to Internationa] Patent Classification (IPC) or to bofch national classification and IPC 



B. 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 514/210.06, 193, 193, fi 10.10 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields 
searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Extra Sheet. 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 5,824,662 A (SLUSHER et al) 20 October 1998, entire 
document. 



1-20 



I I Further documents are listed in the continuation of Box C. [ | See patent family annex. 



* Spooifd oategozifla of oitod dooomsnts: 

* A" docanuni dafining the geneniJ state of the azt vhieli is not eonsidexed 

to be of paxticolai nleraiice 

*E" eailisr doeomeut piibliabed on or after the SnteinatioDal filing date 

*Ii* docmnent vlilcb ma; Qizow dooibts on pzioritf c1aim(e) or wliieli u 

cited to ettabliah the pnblicaiion date at another oitatioo or other 
special reaaoa (aa epeoified) 

"C* doemnant lobzxing to an oral diteloante, oaa, exhibitiaa or other 

Tit ft^ nff 

«p> doomneat potblished pxior to the mtemaiional filing date bat later 



liter document pabliahad after the international filing date or priontj 
date and not In confliot viih the appUoaitson bat cii«d to nndentasd 
the pxineipla or theoitT nndarlying the invention 

docoment of paitienlar nleTanee; the claimed invention eannot be 
conaidaied novel or oaanoi be eonBideted to involve an inventiTe step 

vhen the docTuneni is talDsn alcme 

docoment of pizUBolar islsvance; the daimod invention cannot be 
eonsidexed to involve ao inventivo step when the docoment is combined 
viih one or more other each docmneafa» ssch combinatifln being 
flbvUnu to a penon iHUod in the art 



docameni member of Uw a 



s patent fSunilj 



Date of the actual completion of the international search 
01 MAY 2002 


Date of mailing^ of the international search report 

1 5 JUL 2002^ 


Name and mailing address of the ISA/US 
Commiasioaer of Patents and Trademarks 
Box PCX 

Washington, D.C SOS 31 
Facsimile No. (70S) 305-3930 


Authorized officer // / 

WILLIAM JARVIS J^^^^kif^^^*^ 
Telephone No. (703) 308^-1235 ^' 



Form PCT/ISA/SlO (second sheet) (July 1998)^ 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US0«/04Sei 



B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terms used): 

WEST (USPAT, PGPUB, EPOAB, JPOAB, DWPI) 
STN (CA. BIOSIS, MEDLINE. DRUGU, EMBASE) 

search terms: beta-lactamase inhibitors including ciavulanic acid as neuroprotectants 



Form PCT/ISA/SIO (extra sheet) (July 1998)*^ 



